When using Borg's 6-20 scale during pregnancy, ratings of perceived exertion (RPE) did not significantly correlate with exercise heart rates (HR) (P > 0.05). The The aim of this study was to assess the accuracy of ratings of perceived exertion (RPE) in pregnant women using Borg's 6-20 point scale as a predictor of the exercise heart rate (HR) in response to several commonly undertaken weight-bearing and nonweight-bearing activities, namely cycling, walking, aerobics and circuit training.
The aim of this study was to assess the accuracy of ratings of perceived exertion (RPE) in pregnant women using Borg's 6-20 point scale as a predictor of the exercise heart rate (HR) in response to several commonly undertaken weight-bearing and nonweight-bearing activities, namely cycling, walking, aerobics and circuit training.
Borg' developed this 6-20 scale after observing a linear correlation between RPE and HR during cycling in non-pregnant subjects (Table 1) . Predicted HR can be calculated from RPE by multiplying RPE by ten'. RPE represents the 'integration" of many exercise related responses induding HR and oxygen consumption (absolute and relative values), plasma catecholamine levels, sensations from respiratory effort, elevated muscle and blood lactate levels and muscle fatigue and discomfort'-'.
Some authors have advised pregnant women to continue exercising at the same perceived level of exertion as their pre-pregnancy training programmes4. However, the recommendation that RPE are useful when prescribing exercise during pregnancy5 Borg' has been questioned6 because the exercise responses of several of the physiological variables that influence RPE are altered during pregnancy6-8. Two previous studies in pregnant women observed that RPE were unchanged with moderate intensity cycling9 but higher with step-testing at the same target HR10. In view of these conflicting opinions and findings, the applicability of RPE during pregnancy requires further evaluation.
Materials and methods
Healthy women with uncomplicated singleton pregnancies were tested. Women were dassified as 'trained' if they had exercised for 6 weeks or more before the test, at least three times per week for 30 min or more at an intensity that was high enough to cause perspiration and shortness of breath. 'Sedentary' subjects never participated in exercise sessions and subjects classified as 'neither' exercised once or twice per week or had started or stopped training in the 6 weeks preceding their test. The protocol was approved by the Institutional Ethical Review Committee and all subjects gave informed consent. Questionnaires were filled out during the 30-min rest period before the test.
Women in Group 1 exercised on a treadmill at 23-28 weeks and 34-37 weeks gestation and again at 8 weeks or more after delivery. The subjects walked continuously for a total of 26 min -comprising 10 min at 3kmh-' on a 3.5% slope, 6min at 3kmh-1 on a 7.0% slope and 10 min at 4 km h-' on an 11.2% slope. beats min-' (References 11, 12) .
In Group 3 the women's response to circuit training was tested between 20 and 28 weeks gestation. After a 2-min warm up using the upright bicycle, each woman exercised for 30-s intervals at work stations comprising cycling, arm work, walking briskly on the spot or leg work. The arm and leg exercises involved isotonic concentric and eccentric contractions at low resistances with frequent (12-15) repetitions using pin-loaded machines. 'Aerobics' music was played in the background. HR was measured every 5s and averaged over the last 2 min of the 30-min exercise period. RPE were assessed during the last minute of exercise.
The relationship between HR and RPE during aerobics classes was assessed in two different groups -Group 4 subjects were tested at 13-28 weeks gestation and those in Group 5 were tested at 29-39 weeks. The HR was measured every 5 s and averaged for each song that went for more than 3min with a base rhythm of more than 135 beats min-' (that is, for each 'cardiovascular track'). At the end of each of these 'tracks', RPE were evaluated. Subjects were also asked to nominate which 'track' was the most intense. For each group the actual and predicted HR during pregnancy were compared using paired t tests. The significance of the correlation between HR during exercise and RPE (assessed with Pearson's test) was determined using z values. In Groups 4 and 5, the HR and RPE of the most intense 'track' were used for the comparisons.
Statistics

Results
Demographic and delivery data The mean maternal age and height was similar in each group. The mean gestation and weight was similar for groups tested in the second trimester (T2) (Groups 1, 3 and 4), in T3 (Groups 1, 2 and 5) and after delivery (Groups 1 and 2) (see Table 2 ).
All of the babies had 5-min Apgar scores >7 and survived the first month after delivery. Two of the women in Group 5 smoked during pregnancy (five and ten cigarettes per day) and had babies with birthweights between the 10th and 25th percentiles. The birthweights of the other babies were between the 25th and 90th percentiles for gestation.
Influence of pregnancy on RPE HR during walking and cycling correlated significantly with RPE after delivery (Group 1, r = 0.83, P < 0.01; Group 2, r = 0.74, P < 0.015) but there was no significant correlation when the same subjects were tested in T2 (Group 1, r = 0.45) and/or in T3 (Group 1, r = 0.47; Group 2, r = 0.51) (P > 0.05).
RPE and HR also failed to correlate in the pregnant women who participated in aerobics or circuittraining (Group 3, r = 0.39; Group 4, r = 0.27; Group 5, r = 0.35; P > 0.05).
Influence of pregnancy on predicted HR Peak HR during treadmill exercise in pregnant women was significantly higher than values obtained after delivery (P < 0.01). HR values during exercise were similar in T2 and T3. In contrast, the predicted HR was the same in both trimesters of pregnancy and after delivery. The difference between the exercise and predicted HR was greater in T2 (P < 0.025) than T3 and PP (Table 3) .
During cycling, a non-weight-bearing exercise, the exercise HR was the same in T3 and PP. The predicted HR was also similar but there was a non-significant trend for the difference between the actual and predicted HR to be greater during pregnancy.
The predicted HR significantly underestimated the exercise HR in T2 (Group 1, P < 0.015; Group 3, P < 0.005; Group 4, P < 0.01) and, except when walking, in T3 (Group 2, P < 0.01; Group 5, P < 0.01). After delivery, the average underestimations of the actual HR by the predicted HR were not significant (Groups 66 (7) 64 (6) 65 (7) T3 70 (7) 70 (5) 69 (7) PP 61 (8) 60 (4) Height (cm) 165 (6) 164 (6) 166 (6) 165 (6) 165 (6) 275 (12) 277 (11) 275 (9) 276 (11) 272 (13) Sex of baby (male: female) but also during aerobics dasses (by 30 beats min-I in T2 and 36 beats min-' in T3).
Discussion
Several findings suggest that pregnant women should not rely solely on RPE when trying to maintain exercise intensity below target HR such as 140 beatsmin-1, as recommended by the American College of Obstetricians and Gynecologists13: first, the correlations between RPE and HR in pregnant women are not significant; second, the predicted HR based on RPE underestimates the actual HR during pregnancy (except for walking in T3). Furthermore, the maximal individual underestimations of the actual by the predicted HR are unacceptably large because some individuals may fail to perceive when exercise intensities are high and this may put the fetus at risk. The present study was the first to demonstrate that HR predicted from RPE underestimates exercise HR during aerobics, circuit training and walking in pregnant women. Interestingly, the underestimation with walking was greater in T2 than PP. An underestimation was also seen with cycling during Br J Sp Med 1992; 26 (2) 123 pregnancy, consistent with the previous findings of Ohtake et al.9
The relationship between RPE and HR in pregnant women walking or cycling is not as strong as that observed in the non-pregnant population. This is probably due to a gestational effect rather than to experimental technique because the correlations are significant in the same subjects after delivery. Their PP correlation coefficients are comparable to the range of 0.80-0.90 found in earlier studies on non-pregnant subjects'.
Our observations that RPE during moderate intensity cycling or walking are not influenced by pregnancy confirm the findings of a previous study of non-weight-bearing exercise9 but are in conflict with a study of weight-bearing exercise0. In the latter study (in which women performed step tests) RPE were found to be higher throughout pregnancy. However, this conclusion was based on comparisons with a non-pregnant control group comprising different subjects, and it was not clear if the intergroup differences were due to pregnancy or to subject selection. RPE may not be adequate in athletes because they are used to ignoring symptoms of pain'.
In condusion, pregnant women may capitalize on their ability to perceive which aerobics 'tracks' are intense by taking more frequent pulse checks during such tracks. However, unless a pregnant woman has had simultaneous feedback about her RPE and HR during exercise and can accurately match her RPE to the actual HR, she should monitor her HR throughout exercise and not wait until she perceives the exercise as being intense.
